Ergonomic assessment of working postures in semiconductor manufacturing processes by Abdullah, Abdul Shukor & Abdol Rahman, Mohd Nasrull
National Symposium on Advancements in Ergonomics and Safety (ERGOSYM2009), 1-2 December 2009, Perlis, Malaysia. 
 111 
Ergonomic assessment of working postures in  
semiconductor manufacturing processes 
 
Abdul Shukor Abdullah 1 , Mohd Nasrull Abd Rahman 2 
1  Department of Mechanical Engineering, Faculty of Engineering, 
Universiti Industri Selangor (UNISEL) 
Bestari Jaya Campus, Jln Timur Tambahan, 45600 Berjuntai Bestari, Selangor Darul Ehsan 
E-mail: prof.shukor@gmail.com 
2 Department of Manufacturing & Industrial Engineering , Faculty of Mechanical Engineering & Manufacturing,  
Universiti Tun Hussein Onn Malaysia (UTHM) 
86400 Parit Raja, Batu Pahat, Johor, Malaysia 
Email: mnasrull@uthm.edu.my 
 
 
Abstract- A cross-sectional study of semiconductor 
manufacturing processes was conducted to evaluate the 
ergonomic working postures of the workers. A main objective of 
this study was to identify and quantify ergonomics working 
postures in this department that may contribute to the serious 
development of musculoskeletal injuries and investigate possible 
contributory causes in the each of department with the intention 
of prevention. During the study session, about forty-eight (48) 
operators located at six (6) departments were interviewed with 
more than two-hundred (200) operators were observed. Rapid 
Entire Body Assessment (REBA) methods were used to estimate 
the final score of working posture respectively. Additionally a 
thorough observational method including the use of photos and 
score measurement were utilized to identify ergonomic working 
posture during performing the different tasks in each 
department. Overall, 62.5% operators had very high risk, 33.3% 
operators had high risk and 4.2% operators had medium risk in 
the REBA scoring posture. In department A and B, 4.3% and 
8.7% operators had a combination of lifting weights, awkward 
posture includes repeated reaching and bending and prolonged 
standing might have led to high pain prevalence’s in the low 
back, repetitiveness and contact stress. In department C and D, 
13.1% and 17.4% operators had lifting a heavy lead frame box, 
bend in awkward posture in display screen viewing with 
prolonged standing posture and visual effort from precision task. 
For the department E and F, 34.8% and 21.7% operators had in 
lifting a heavy lead frame box and bending the neck, upper back 
and lower back when doing a task with prolonged sitting posture, 
As such, the risks of bodily injury including back pain, wrists and 
fingers pains, shoulder pain and hips pain are seriously high. 
Immediate corrective actions to improving the current work 
procedures and workstations’ designs are necessary to overcome 
the high risks of injury to the operators. 
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I.    INTRODUCTION 
 
    Among the few ergonomic studies in the semiconductor 
industry is one that was carried out under the umbrella of the 
large-scale Semiconductor Health Study (SHS) that was 
sponsored by the semiconductor industry in the United States. 
(Schenker MB et al., 1995). The SHS focussed on 
reproductive health hazards of chemical exposure, but it 
included a cross-sectional study of musculoskeletal problems 
among wafer fabrication and nonwafer fabrication workers. 
(Pocekay P et al., 1995) 
    Most ergonomic studies in the electronics industry have 
been carried out in electronic product assembly, rather than 
semiconductor assembly. Recent studies on musculoskeletal 
problems among electronics workers in developing countries 
range from one focussed specifically on carpal tunnel 
syndrome in an Egyptian electronics (Abbas MF et al., 2001) 
assembly factory to a general study of sociodemographic and 
occupational risk factors for musculoskeletal complaints 
among women in Tijuana Mexico. (Harlow SD et al., 1999) 
In Malaysia, studies on ergonomics task analysis has been 
carried out among workers in two factories, one producing 
electronic components and the other, audio electronic 
equipment (Tan GLE, 1997) while in Singapore, studies have 
recorded aches and pains among workers in a disk drive 
factoryand wrist pain among workers at a factory. (Ho SF et 
al., 1997) 
    Government of Malaysia (2001) conducted review the 
electronics industry in Malaysia is the leading industry in the 
manufacturing sector and one of the largest employers. Within 
electronics, semiconductors is the biggest sector, accounting 
for more than a third of total electronics exports. In this paper, 
the objectives of this study was to identify and quantify 
ergonomics working postures in this department that may 
contribute to the serious development of musculoskeletal 
injuries and investigate possible contributory causes in the 
each of department with the intention of prevention. Rapid 
Entire Body Assessment (REBA) methods were used to 
estimate the final score of working posture respectively. 
Additionally a thorough observational method including the 
use of photos and score measurement were utilized to identify 
ergonomic working posture during performing the different 
tasks in each department. 
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II.    SUBJECTS AND METHOD 
 
    Work-related Musculoskeletal Disorders (WMSD) are one 
of the occupational safety and health problems reported at the 
company A in Negeri Sembilan, Malaysia. Company A is the 
one of semiconductor industry in Malaysia. During the study 
session, about forty-eight (48) operators located at six (6) 
departments were interviewed with more than two-hundred 
(200) operators were observed. Rapid Entire Body Assessment 
(REBA) methods were used to estimate the final score of 
working posture respectively. The aim is to identify the 
postural targeting method for estimating the risks of work-
related entire body disorders and body postural risks to a 
worker. Additionally a thorough observational method 
including the use of photos and score measurement were 
utilized to identify ergonomic working posture during 
performing the different tasks in each department. 
 
III.    RESULTS AND DISCUSSIONS 
 
A. Rapid Entire Body Assessment (REBA) 
    A study of Rapid Entire Body Assessment (REBA) for the 
each department respectively was performed. The aim is to 
identify the postural targeting method for estimating the risks 
of work-related entire body disorders and body postural risks 
to a worker.For each task, assess the posture factors by 
assigning a score to each region. Participants responded to two 
(2) group of score in which are group A (Trunk, Neck and 
Legs) postures and the group B (Upper Arms, Lower Arms, 
and Wrists) postures for left and right. For each region, there 
is a posture scoring scale plus adjustment notes for additional 
considerations. Then score the load/force and coupling factors. 
Finally, score the activity. Table 1 below has shown the results 
of REBA score for each department. There are eighteen (18) 
tasks were identified and analyze for the most critical body 
postural risks to a worker. 
 
TABLE 1 
RESULT OF REBA SCORE FOR EACH TASK 
REBA Scores Task 
  
Department 
  1 2 to 3 4 to 7 8 to 10 11+ 
No of 
Operator 
1 A1     
    
√ 1 
2 A2     
    
√ 1 
3 B1     
    
√ 4 
4 C1     
  
√ 
  3 
5 C2     √ 
    2 
6 C3     
  
√ 
  3 
7 D1     
  
√ 
  3 
8 D2     
  
√ 
  3 
9 D3     
    
√ 2 
10 E1     
    
√ 4 
11 E2     
    
√ 3 
12 E3     
    
√ 3 
13 E4     
  
√ 
  2 
14 E5   
 
√  2 
15 E6   
  
√ 2 
16 F1     
    
√ 3 
17 F2     
    
√ 3 
18 F3     
    
√ 4 
Total No of Operator Interviewed (n=48)  48 
    The total REBA scores are highest at unit/section 1, 2, 3, 9, 
10, 11, 12, 14, 15, 16, 17 and 18 respectively. It shows the 
department A (2 photos), B (1 photo), D (1 photo), E (4 
photos) and F (3 photos) have highest cases of 
musculoskeletal disorders’ risks to the workers. The main 
causes of body pains are lifting heavy loads and awkward 
postures when doing a task. Lifting a heavy load such as 
lifting a media deflash bag without wearing a gloves, pushing 
and pulling bundle of rail without proper grip handle on the 
trolley and lifting lead frame box without proper grip handle 
are actual examples of causes to body pains at the workstation. 
Figure 1 shows 62.5% operators had very high risk, 33.3% 
operators had high risk and 4.2% operators had medium risk in 
the REBA scoring posture. 
 
 
 
Figure 1. Risk Level for overall operators 
 
    Figure 2 shows, in department A and B, 4.3% and 8.7% 
operators had a combination of lifting weights, awkward 
posture includes repeated reaching and bending and prolonged 
standing might have led to high pain prevalence’s in the low 
back, repetitiveness and contact stress. In department C and D, 
13.1% and 17.4% operators had lifting a heavy lead frame 
box, bend in awkward posture in display screen viewing with 
prolonged standing posture and visual effort from precision 
task. For the department E and F, 34.8% and 21.7% operators 
had in lifting a heavy lead frame box and bending the neck, 
upper back and lower back when doing a task with prolonged 
sitting posture. 
 
 
 
Figure 2. Number of Operator in High/Very risk level 
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B. Observation on ergonomic physical risk factor 
    Eighteen (18) pictures were observed by using digital 
camera and the eighteen (18) different tasks were identified to 
observe the ergonomic working posture such as A (A1 and 
A2), B (B1), C (C1, C2 and C3), D (D1, D2 and D3), E (E1, 
E2, E3, E4, E5 and E6) and F (F1, F2 and F3).The findings 
have indicated that the operators at these stations are exposed 
to serious ergonomic risks factors especially heavy lifting of 
44 kg per one media deflash bag and 36 kg per one bundle of 
rail. Awkward posture includes repeated reaching, twisting 
and bending posture when doing a task. 
 
    Figure 3 shows the operator is in awkward postures which 
include repeated reaching and bending body posture with 
forced wrist and finger exertion. Repetitiveness. Shoulder, 
arm, elbow, fingers wrist are in constant pain.  
 
 
 
Figure 3. Task for B1 
 
    Figure 4 shows the operator may have to bend her posture 
in awkward posture when lifting from the trolley with forced 
wrist and finger exertion. Repetitiveness. Shoulder, elbow, 
back and wrist are in constant pain.  
 
 
 
Figure 4. Task for D3 
 
    Figure 5 shows the operator may have to bend her neck, 
upper back and lower back when doing a task with prolonged 
sitting posture. Forced wrist and finger exertion. 
Repetitiveness. Shoulder, arm, elbow, fingers, wrist, back and 
neck are in constant pain.  
 
 
 
Figure 5. Task for E4 
 
    Figure 6 shows the operator may have to raise her neck for 
display screen viewing and upper arm to keyboard and mouse 
with prolonged standing posture. Forced wrist and finger 
exertion. Repetitiveness. Shoulder, arm, elbow, fingers, wrist, 
leg and neck are in constant pain.  
 
 
 
Figure 6. Task for E5 
 
    Figure 7 shows the operator needs to raise her hand above 
shoulder level in awkward postures such as repeated reaching, 
twisting and body posture when doing a task. Forced wrist and 
finger exertion. Repetitiveness. Shoulder, arm, elbow, fingers 
wrist are in constant pain.  
 
        
 
Figure 7. Task for F1 
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IV.   CONCLUSION 
 
    The REBA study reveals that 94% of the activities found in 
workplace may impose high risks and potential injuries to 
operators and further investigation are needed to find solutions 
to avoid unnecessary injuries such as slip discs, pain in the 
joints and muscles pain. Major ergonomic risks factors found 
in these operations are: 
 
• High repetitive fingers, wrists and hands movements  
• Awkward wrist postures during carrying of the 
magazine boxes and computer related activities 
• Limited or confined spaces were identified as causes 
for physiological and psychological stresses. Long 
working hours along with short rest periods also add 
to exacerbate this phenomenon. 
• Awkward bending were also identified as a major 
cause of WMSD. 
•  Static posture including standing for long period of 
time is also a source of WMSD. 
• Operators working in standing posture without the 
use of foot rest indicated an existence of leg’s muscle 
pain throughout the shift. 
• There were cases whereby operators with shorter 
body heights but have to perform work activities with 
difficulties since the computers and mousse are  
located at higher levels. 
 
    Based on the findings of this study, the existence of 
stressors and ergonomic risks factors are extremely high. these 
operators were suffering from poor working activities which 
heavily emphasised on manual lifting, handling and highly 
static activities. The results suggest that operators need to be 
provided with proper work techniques to reduce the risks of 
causing WMSD. Some approaches are recommended to 
address these situations. Firstly, there needs to be improved 
workstation design or re-design to reduce high hand/wrist 
loads and repetitiveness. Secondly, re-design the working 
layout of the assembly line. Thirdly, the needs to eliminate 
existing stressors including awkward postures and poor ‘rest-
to-work’ period ratio. Fourthly, to introduce shorter working 
duration and additional rest periods and finally, improved 
teamwork is crucial in the ergonomic intervention process. 
Overall, the results of this study suggest that the operators 
need to be provided with proper work techniques and 
engineering administration in order to reduce the risks of 
developing severe WMSD in the future as well as 
physiological and psychological stresses. 
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